Centennial of Wilhelm Waldeyer´s introduction of the term "chromosome" in 1888 by Cremer, Thomas & Cremer, Christoph
Cytogenetics and 
Cell Genetics 
48/2/88 
S. Karger * * ! ^^^^^^^S^^^^^P^^^S^^^^SS^^^&^^^^^PI^^^Kl^^^S^ 
Medical and Scientific * ** - / 
Publishers 
Basel · München · Paris ^Wilhelm Atfaldeyer (6 October 1836 to 23 January 1921) in 1896» (Photograph courtesy of the Bildarchiv Preussischer Kultur-
London · New York 'besitz; West Berlin.) 
New Delhi-Singapore £ \ „ V , . . ,J 
Tokyo · Sydney ? ~ * , < ' x ; ! • ^S^S^^^S^^^^Ä ?^^^SM^^ÄW^^^^^^^^e^^^^Ä^^^R.: 
Cytogenetics and 
Cell Genetics 
Vol. 48, No. 2,1988 
Commemoration 
Centennial of Wilhelm Waldeyer's introduction of 
the term "chromosome" 
KlingerHP 
Centennial of Wilhelm Waldeyer's introduction of 
the term "chromosome" in 1888 
Cremer T, Cremer C 
Simultaneous identification and banding of human 
chromosome material in somatic cell hybrids 
Tucker JD, Christensen ML, Carrano AV 
65 
66 
Original Articles 
High-resolution RBG-banding pattern in the genus 
Tropidurus (Sauria, Iguanidae) 
Yonenaga-Yassuda Y, Kasahara S, Chu T H , 
Rodrigues MT 68 
Deletions in human chromosome arms Up and 13q 
in primary hepatocellular carcinomas 
Wang HP, Rogler C E 72 
Frequency and distribution of mitomycin C-induced 
structural chromosome aberrations in 
lymphocytes from non-Hodgkin lymphoma 
patients 
Johansson B, Mertens F 79 
Synaptonemal complexes in a subfertile man with a 
pericentric inversion in chromosome 21. 
Heterosynapsis without previous homosynapsis 
Gabriel-Robez O, Ratomponirina C, Croquette M, 
Couturier J, Rumpier Y 84 
Chromosome analysis of five specimens of Mus 
bufo-triton (Muridae) from Burundi (Africa): 
three cytogenetic entities, a special type of 
chromosomal sex determination, taxonomy, and 
phylogeny 
Jotterand-Bellomo Μ 88 
A functional mouse ornithine decarboxylase gene 
(Ode) maps to chromosome 12: further evidence 
of homoeology between mouse chromosome 12 
and the short arm of human chromosome 2 
Cox DR, Trouillot T, Ashley PL, Brabant M, Coffino Ρ 92 
Silver fox gene mapping: conserved chromosome 
regions in the order Carnivora 
Rubtsov N, Graphodatsky A, Matveeva VG, 
Radjabli SI, Nesterova T B , Kulbakina NA, Zakian S . 95 
Conserved repetitive DNA sequences (Bkm) in 
normal equine males and sex-reversed females 
detected by in situ hybridization 
Kent MG, Elliston KO, Shroeder W, Guise KS, 
Wachtel SS 99 
Genetic mapping of the human polymeric 
immunoglobulin receptor gene to chromosome 
region Iq31-*q41 
Davidson MK, Le Beau MM, Eddy R L , Shows TB, 
DiPietro LA, Kingzette M, Hanly WC 
A system for deriving revertants of 
oncogene-transformed human cells 
Talbot N, Hankey P, Jiang B, Yanagihara K, 
deVilliers J, Bassin R H , Benade L E 
BrdU replication patterns demonstrating 
chromosome homoeologies in two fish species, 
genus Eigenmannia 
Almeida Toledo L F , Viegas-Poquignot E, Foresti F, 
Toledo Filho SA, Dutrillaux Β 
Mapping of rat prostatic binding protein genes C I , 
C2, and C3 to rat chromosome 5 by in situ 
hybridization 
Zhang J, Dirckx L, Marynen P, Rombauts W, 
Delaey B, Van den Berghe H, Cassiman J-J . . . . 
103 
107 
112 
117 
121 
Brief Report 
Localization of the human X-linked gene for chronic 
granulomatous disease to the mouse X 
chromosome: implications for X-chromosome 
evolution 
Brockdorff N, Fisher EMC, Orkin SH, Lyon MF, 
Brown SDM 124 
Genetic Linkage Data 
The ornithine aminotransferase (OAT) locus is 
linked and distal to D10S20 on the long arm of 
chromosome 10 
Wu J, Ramesh V, Kidd JR, Castiglione CM, Myers S, 
Carson N, Anderson L, Gusella JF, Simpson NE, 
K i d d K K 126 
Announcement 128 
Instructions to Authors 
Cytogenetics and 
Cell Genetics 
Cytogenetics and Cell Genetics publishes original research reports in human and 
mammalian cytogenetics, somatic cell genetics including gene mapping and 
cloning, molecular genetics including recombinant DNA, genetic linkage 
data, cancer genetics, and in other related areas. 
Manuscripts: Papers can be in English, German or French. They should be sent 
to one of the Associate Editors listed on the inside of the cover. The theme of 
the report must be within the investigative section listed for that Editor. 
Manuscripts should be sent to Dr. H.P. Klinger at the Editorial Office only 
when their content does not match any of the listed sections. Any uncertain­
ties can be clarified by writing to, or telephoning, Dr. Klinger at (212) 430 -
2451. Manuscripts must be prepared strictly in accordance with the style of 
this Journal and should be typed with 10- or 12-point type, double-spaced 
throughout (including the reference list, legends, etc.), with generous mar­
gins on all sides (at least 1.25 in or 3 cm), and submitted in duplicate (includ­
ing illustrations). The first page should give the full names of the authors and 
their affiliations, an abbreviated running title, and full postal address. Con­
tributions which are accepted will normally be printed in order of receipt 
except when revisions are necessary or other delays that are beyond editorial 
control occur. 
Abstract: A short abstract should be provided. An English translation of the title 
and abstract should also be provided if the main text is in a language other 
than English. 
Brief reports: Essentially complete but short presentations of significant new and 
original findings will be accepted for accelerated publication in this section. 
They may not exceed 3 printed pages in length. About 1,000 words fit a 
printed page, and adequate allowance should be made for title, tables, fig­
ures and the reference list, which may not exceed 10 citations. A capsule 
summary of up to 60 words in length should be provided with the paper. 
Commentaries: Contributions to this section, intended as a forum for observa­
tions, opinions, and comments outside the realm of conventional scientific 
papers, must be completely original and unpublished. Original data, tables, 
and illustrations may be included, provided these meet the established crite­
ria (see Cytogenet Cell Genet 29:125-126, 1981). Preliminary reports or 
information to be published elsewhere will not be accepted. Contributions 
should be limited to two printed pages (approximately 2,000 words) and 
may be submitted to the Editor-in-Chief or to the Associate Editors. 
Genetic Linkage Data: This section contains short, primarily tabular presenta­
tions of positive and negative gene linkages in man and other mammals (see 
Cytogenet Cell Genet 39:81, 1985). No abstract is required. 
Tables and illustrations should be prepared on separate sheets. They must have a 
heading or a legend, respectively. Original drawings and photographs are 
preferable; negatives cannot be used. If possible, and only if prepared very 
neatly, several illustrations can be grouped as a block for reproduction. Illus­
trations should be prepared at the same size at which they are to be repro­
duced. Ideally, they should not exceed 175 X 175 mm. Original figures 
larger than 240 X 300 mm should not be sent without previously consulting 
the Editorial Office. Figure numbers or letters can be drawn on the illustra­
tions only if the lettering is adequately large and neatly executed. Otherwise, 
lettering should be indicated on a transparent overlay. Original figures and 
karyotypes should be provided wherever possible and not photographic 
copies. Karyotypes should be prepared with a minimum of space between 
chromosome pairs and lines and mounted on pure white cardboard. Chro­
mosomes should be numbered only if this is essential. It is the author's 
responsibility to obtain permission to reproduce illustrations, tables, etc. 
from other publications. 
Literature cited: References should be quoted in the text as follows: single 
author: Ford (1961); two authors: Chu and Bender (1961); more than two 
authors: Carr et al. (1961). The reference list should be double-spaced 
throughout (even within single references) and arranged alphabetically ac­
cording to the first author's surname. Titles should be quoted in full. Recent 
issues of the Journal should be carefully consulted for reference list style. 
Agreement between text citations and the reference list should be checked 
carefully, and the latter checked for accuracy. If errors are found during the 
review process, the manuscript will be returned to the authors for correc­
tions which may cause considerable publication delay. 
Page charges: Authors are urged to prepare manuscripts as concisely as possible. 
This Journal will defray the costs of the first 5 printed pages (a total of about 
5,000 words minus any tables or figures). Any additional pages will have to 
be defrayed on a cost-sharing basis by the authors at the rate of US $ 150.00 
per page. The extra costs of half-tone engravings exceeding 2 printed pages 
and the full cost for all color plates must be borne by the authors. Authors 
with limited funds may apply for dispensation from these costs by submit­
ting an appropriately documented letter after they have been notified that 
their manuscript has been accepted for publication and provided with an 
estimate of the manuscript's printed length. 
Galley proofs will be sent to the first-named author unless another is indicated. 
Reprints: They are available against payment. Order forms with a price list will 
be sent with the galley proofs. Orders submitted after the issue is printed are 
subject to considerably higher prices. Allow four weeks from date of publica­
tion for delivery of reprints. 
General Information 
Publication data: 'Cytogenetics and Cell Genetics' is 
published 12 times annually. Volumes 47-49 w i t h 
4 issues each appear in 1988. 
Subscription rates: Subscriptions run for a full calendar year. 
Prices arc given per volume, surface postage included. 
Personal subscription: SFr. 267.40, US$ 178.50. 
(Mus t be in the name of. bi l led to. and paid by an 
i n d i v i d u a l . Order must be marked 'personal 
subscript ion ' . ) 
Institutional subscription: SFr. 382.- . US$255.00. 
(Regular rate.) 
Airmail postage: SFr. 25.- , US$ 17.00. 
(Extra per volume. ) 
Microform subscription: SFr. 191 . - , US$ 127.50. 
(Avai lable exclusively to subscribers o f the paper 
ed i t ion . ) 
Single issues and back volumes: Informat ion on avai labi l i ty 
prices can be obtained through the Publisher. 
Subscription orders: Orders can be placed at agencies, 
bookstores, direct ly w i th the 
Publisher S. Karger A G . P.O. Box, 
C H - 4 0 0 9 Basel (Switzerland) 
or w i t h any o f the fol lowing distributors: 
Deutschland, West-Berlin, Ost-Europa. 
Naher Osten: S. Karger G m b H , Postfach 1724, 
D - 8 0 3 4 G e r m e r i n g / M ü n c h e n 
France: L ibra i r ic L u g i n b ü h l , 
36, bd de Latour-Maubourg, F - 75007 Paris 
Great Britain: John Wi ley and Sons, L td . , 
Baffins Lane, Chichester, Sussex, P O l 9 I U D 
USA: S. Karger Publishers, Inc., 
79 Fif th Avenue, New York, N Y 10003 
India, Bangladesh, Sri Lanka: 
S. Karger India Subscription Agency, 
B - 5 / 1 3 2 Safdarjung Enclave, New Delhi-110029 
Japan. South Korea: Katakura L i b r i , Inc., 
36-9 Hongo 3-chome. Bunkyo-ku, Tokyo 113 
Change of address: Both old and new address should be stated 
and sent to the subscription source. 
Bibliographic indices: Th is j o u r n a l is regularly listed in 
bibliographic services, inc lud ing Current Contents®. 
Advertising: Correspondence and rate requests should be 
addressed to the Publisher. 
Copying: This journa l has been registered wi th the Copyright 
Clearance Center (CCC) , as indicated by the code ap-
pearing on the first page o f each article. For readers in 
the U.S.. this code signals consent for copying o f articles 
for personal or internal use, or for the personal or 
internal use o f specific clients, provided that the stated 
fee is paid per copy d i rec t ly to CCC, 21 Congress Street, 
Salem, M A 01970 ( U S A ) . A copy o f the first page o f the 
article must accompany payment. Consent does not ex-
tend to copying for general d i s t r ibu t ion , for p romot ion , 
for creating new works, or for resale. In these cases, spe-
cific wr i t ten permission must be obtained from the copy-
right owner. S. Karger A G , P.O. Box. C H - 4 0 0 9 Basel 
(Switzerland). 
Cytogenet Cell Genet 48:66-67 (1988) 
r 1988 S. Kart ier A G . Basel 
030t 0171 88/0482 ^0066 S 2.75/0 
Centennial of Wilhelm Waldeyer's introduction of the term "chromosome" 
in 1888 
T . Cremer 1 and C. Cremer 2 
1 Institute for Human Genetics and Anthropology, and 2 Institute for Applied Physics I, University of Heidelberg, Heidelberg 
Wilhelm Waldeyer's celebrated paper " Ü b e r Karyokinese und 
ihre Beziehungen zu den Befruchtungsvorgängen" in which the 
term "chromosome" was introduced, was published in 1888. A n 
English translation"On karyokinesis and its relation to the process 
of fertilization" appeared in 1889. I n this extensive review wi th 210 
references, Waldeyer summarized the experimental and theoreti-
cal work of his contemporaries such as Edouard-Gerard Balbiani 
(1823-1899), Edouard van Beneden (1846-1910), Theodor Boveri 
(1862-1915), Otto Bütschli (1848-1920), Jean Baptiste Carnoy 
(1836-1899), Walther Flemming (1843-1906), Hermann Fo l 
(1845-1892), Oscar Hertwig (1849-1922), Carl Rabl (1853-1917), 
Wilhelm Roux (1850-1924), Anton Schneider (1831-1890), 
Eduard Strasburger (1844-1912), August Weismann (1834-1914), 
and many others. 
In the first part Waldeyer gave an overview on what was known 
in 1888 of the mitotic process. Then he continued (Waldeyer 1889, 
p. 181): " I must beg leave to suppose a separate technical name 
'chromosome' for those things which have been called by Boveri 
'chromatic elements' in which there occurs one of the most impor-
tant acts in karyokinesis, viz. the longitudinal splitting." 
Waldeyer's term proved eventually to be more successful than 
all other competitive terms, such as "chromatic elements," "nu-
clear loops," "karyosomes," "nuclear segments," or "idants." I t is 
now a universally accepted term in the life sciences. Due to the 
importance of the structure it designates, i t has become an integral 
part of the vocabulary o f all major languages. 
Wilhelm Waldeyer (full name: Heinrich Wilhelm Gottfried von 
Waldeyer-Hartz; 1836-1921) was a famous anatomist o f his time 
and head of the Institute o f Anatomy at the University o f Berlin 
from 1883 until his retirement in 1917 (cover illustration). Several 
of his numerous histological, anatomical, and pathoanatomical 
publications are still being quoted, and in standard anatomical 
textbooks his name has been preserved in technical terms such as 
Waldeyer's germinal epithelium of the ovary and Waldeyer's l ym-
phatic ring of the pharynx. (For a review of Waldeyer's scientific 
work and his complete bibliography see Sobotta, 1922.) F r o m his 
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histological studies he derived a keen interest in the process of 
nuclear and cell division, although he did not publish any experi-
mental investigation o f his own on chromosomes. 
I n the context o f this celebration it should be remembered that 
19th century scientists had much more to offer than a generally 
accepted name for the "stainable bodies" which became distinctly 
visible at mitosis and meiosis, but whose structure and functional 
importance was not clarified before the 20th century. Virtual ly all 
cell biologists today hold the view that the cell, its membranes, 
organelles, and its information-containing molecules have come 
into existence in the course o f some bi l l ion years o f evolution. 
Hence for modern cell biologists and cytogeneticists the following 
paradigms seem to be almost self-evident, logically interdependent 
truths: Each cell is derived by cell division o f a preexisting cell 
(omnis cellula e cellula), each cell nucleus is derived by (indirect) 
division o f a preexisting nucleus (omnis nucleus e nucleo), and each 
individual chromosome is derived by replication and splitting of a 
preexisting chromosome {omnis chromosoma e chromosoma). In 
short, cells and their organelles are not generated spontaneously de 
novo in our days. However, only a hundred years ago, this was by 
no means a generally shared belief among cytologists. More im-
portant for these scientists, who thought wi thin the limits of vari-
ous theoretical frameworks completely different from the one gen-
erally shared by present day cell biologists and geneticists, accep-
tance o f one paradigm (such as omnis cellula e cellula) did by no 
means create a "logically" compelling force to accept the others. A 
few examples may suffice to illustrate this point. For a more com-
prehensive presentation and references of the original literature 
see Cremer (1985). 
Theodor Schwann (1810-1882) and Matthias Schleiden 
(1804^1881), the founders o f the cell theory (1838/39), were firmly 
convinced that cells could form de now from a "structureless sub-
stance" called the "cytoblastem." Still in 1845 Matthias Schleiden 
described in detail the spontaneous generation of yeast during the 
fermentation o f currant-juice. The rejection o f their theories on 
cell formation first by Robert Remak (1815-1865) and then by 
Rudol f Virchow (1821-1902) culminated in Virchow's famous 
statement omnis cellula e cellula (1855). This paradigm soon be-
came accepted by a majority o f cytologists. However, while some 
scientists such as Remak proposed a direct nuclear division (later 
called amitotic division), the very fact that nuclei were apparently 
no longer visible in dividing cells was considered by most of these 
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scientists as clear evidence that nuclei dissolved and disappeared 
completely at this stage o f the cell cycle. I n daughter cells new 
nuclei were—in a kind o f intracellular generatio spontanea—in-
dependently formed de novo. The discovery (first in 1873 by A n t o n 
Schneider) and detailed description of an indirect mechanism o f 
nuclear division, called karyokinesis, in the seventies and eighties 
of the 19th century, was therefore unexpected. I n 1880 Walther 
Flemming, one o f the main proponents o f indirect nuclear d iv i -
sion, stated: T h e reader o f my article may have received the im-
pression that I have pleaded for the principle "omnis nucleus e 
nucleo" However, I do so only by adding the proviso: as far as we 
know now. I do not doubt the possibility o f a free generation o f 
cells, o f a free generation o f nuclei, of generatio spontanea in gener-
al. I cannot even find this, as others do, a strange conception.' 
Flemming's tentative formulation o f the new paradigm reminds us 
that generatio spontanea was taken seriously in the scientific 
community, even two decades after Louis Pasteur (1822-1895) 
had refuted the spontaneous generation o f yeast in elegant and 
decisive experiments. Flemming and others still hoped that scien-
tists might become able one day to define conditions in the labora-
tory suitable for the spontaneous generation o f cells. The new par-
adigms would not explain, when and how cells and cell organelles 
had formed for the first t ime—a problem which in the opinion o f 
contemporary scientists had already been solved in principle by 
the old theory. 
Oscar Hertwig whose experimental investigations o f fertiliza-
tion in the sea urchin (1876-1878) became one o f the cornerstones 
of the hypothesis that the nucleus and its chromosomes contained 
a hereditary substance, proudly claimed in 1917: " M y teachings 
concerning the continuity o f nuclear generations and my observa-
tions on which I have based these teachings have been generally 
accepted by science as the correct ones." However, the same Oscar 
Hertwig wi th many of his scientific contemporaries stubbornly 
rejected Carl Rabl's theory o f the structural continuity o f chromo-
somes in the interphase nucleus, as well as Theodor Boveri's more 
refined theory of chromosome individuali ty. Instead, Oscar 
Hertwig continued to believe that chromosomes would completely 
dissolve in the interphase nucleus ("Verschmelzungstheorie"). 
The great synthesis of a 19th century chromosome theory of 
heredity was published in 1892 by August Weismann. His book 
"Das Keimplasma. Eine Theorie der Vererbung" (The germ 
plasm. A theory of heredity) stands as an example o f a great theory 
now fallacious in virtually all its details but immensely fruitful in 
its basic tenets. Weismann summarized all arguments in favor of 
the localization of a hereditary substance within the "chromatin 
granules" of the chromosomes. He rejected any reminescence of 
generatio spontanea and claimed that this substance (which he call-
ed "Keimpasma" or "Idioplasma") was the result o f an immense-
ly long selective evolutionary process and of both extreme com-
plexity and stability. Weismann hypothesized "biophors" as the 
most minute hereditary particles within this idioplasma. These 
biophors "which migrate into the cell-body through the pores of 
the nuclear membrane" should effect a distinct state of cellular 
differentiation with regard to cell structure and function. Like all 
o f his contemporaries Weismann had no grasp of the idea of 
information-containing molecules and he felt that biophors 
should materially contribute to all cytoplasmic structures. The 
chemical nature of the hereditary substance was a matter of spec-
ulation. Waldeyer (1888) already referred to Johann Friedrich 
Miescher's (1844-1895) discovery of "nuclein" and to Albrecht 
Kossel's (1853-1927) early papers on "histon" and "adenin." 
Weismann's highly speculative theory was not compatible with 
Mendelian segregation. After Mendel's work achieved promi-
nence in 1900 it was largely abandoned in favor o f the new chro-
mosome theory of heredity put forward in 1902/03 by Theodor 
Boveri and Walter S. Sutton (1877-1916). They, together with 
Thomas H . Morgan (1866-1945) and his school, soon became the 
acknowledged forefathers of modern cytogenetics, that is as the 
saga goes today. In fact, the chromosome theory of heredity was 
by no means generally accepted as quickly as we might now be-
lieve. Cyr i l D . Darlington (1902-1982) remembered in 1960: 
"Morgan's 'Theory of the gene' appeared in 1926. Its reception in 
England could scarcely have been more unfavorable. Seven men 
might have been will ing to assert their belief in the chromosome 
theory and give their reasons for it. But against this view were 
several hundred who held a contrary opinion." 
The 19th century advancement of biology from the cell theory 
to the concept o f the decisive role of chromosomes in heredity may 
be regarded of great significance not only for the life sciences but 
for human knowledge in general. This historical process of meth-
odological progress, new theoretical concepts, experimental ob-
servations, paradigms, and scientific "revolutions" testifies to the 
turning away from vitalistic theories of life which had dominated 
for thousands of years. It is certainly not less important than the 
recent developments in gene technology being derived from the 
elucidation of the physical structure of D N A . 
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